In the present paper we report that 3,4 dihydroxyphenylalanine (DOPA), dopamine (DA) and noradrenaline (NA) in guinea pig brain can be easily separated by Duolite C-25 resin column and measured fluorimetrically. Using the present method, the quantitative assays of these catechol compounds were carried out in brain of guinea pigs treated with reserpine. It has been well known that catecholamines (CA) such as NA and DA are formed even in brain tissue and peripheral sympathetic nervous tissue besides in adrenal grand (1) (2) (3) . We have also demonstrated CA were synthesized from DOPA in guinea pig brain and investigated intracellular localization of the enzyme activities related to the formation of CA. The activities of enzyme related to the formation and inactivation of CA in brain of guinea pigs were activated by the intraperitoneal injections of reserpine. It is suggested that the action of reserpine is not only limited to its releasing action (4) (5) (6) but also it has a dynamic effect on the enzym systems.
MATERIALS AND METHODS

1) Animal and drug
Adult male guinea pigs weighing 200 to 250 g were used in all experiments. Reserpine (300 mg) was disolved in 100 ml of the solution that contained polyethyleneglycol-300 (10 g), citric acid (250 mg) and benzyl alcohol (2.0 ml). All animals were killed by decapitation with sharp scissors after the reserpine solution was administered intraperi toneally at doses of 15 mg/kg.
2) Separation and determination of CA Preparation of extracts : Guinea pigs were killed by decapitation. The brains were immediately dissected out and then homogenized in 4 volume of cold 0.5 N perchloric acid by means of a Potter-Elvehjem type glass homogenizer. To the homogenates 5 volume of 0.4 N perchloric acid was added. The homogenates were allowed to stand overnight and centrifuged at about 2,000 x g for 10 minutes. The residues were reextracted twice with 2 volume of 0.4 N percholoric acid. All the steps , of extraction were carried out at about 0°C. The combined supernatants were adjusted to pH 4.0 . with 2 N potassium carbonate and then centrifuged. In the experiment of enzyme assays the incubation mixture was deproteinized with 0.4 N perchloric acid and then after centrifugation the supernatant was adjusted to pH 4-0 in the same way. The combined extracts at pH 4.0 were passed through a 0.8 x 8.0 cm column of the resin Duolite C-25 (200 to 300 mesh) in H} form. Before the resin was taken into use it was conditioned by treating the H' form successively with 5 N-NaOH and 5 N-HC1 with a water washing between each of the different solutions. The resin was washed with 10 ml of water ; the initial effuent and the wash were combined and saved for estimation of acid catechol. The resin was then washed with 30 ml of 0.35 N sodium acetate buffer (pH 5.0). This washing removed DOPA. NA was eluted with 20 ml of 3 N sodium acetate buffer (pH 6.0) containing 7% ethanol. In the last step DA was eluted with 15 ml of 3 N sodium acetate buffer (pH 6.0) containing 25% ethanol. NA and DA in the eluates was adsorbed on aluminium hydroxide according to Burn (7) . Determination of DOPA was carried out according to Trihydroxyindole method (8) . NA, DA and acid catechol were determined according to Ethylenediamine condensing method (9).
3) Preparation of tissue homogenate, subcellular particle and soluble fraction as enzyme materials from guinea pig brain After killing the brain tissues were removed immediately and homogenized in 5 volumes of cold 1 % KCl solution, or cold 0.25 M sucrose solution by means of a Potter Elvehjem type glass homogenizer. Cell debris was discarded by the initial centrifugation at 700 x g for 10 minutes. Cell debris was resuspended in 3 volume of the same solution and centrifuged again at the same rate. The supernatants were combined and used as brain homogenate. The brain homogenates were centrifuged again at 10,000 x g for 20 minutes. This supernatant was used for soluble fraction and the sediment for particle fraction. In the experiment to investigate the intracellular distribution of enzyme activities, the brain homogenate was centrifuged at 100,000 x g for 60 minutes.
4) Enzyme assay
DOPA decarboxylase activity was determined by measuring the amount of DA formed from DOPA. The mixture, containing 2.0 ml of enzyme material, 1.0 ml of 0.1 M phosphate buffer at pH 7.0 and 1.0 ml of 500,ug per ml DOPA solution, was incubated in a Thunberg tube for 60 minutes in the presence of nitrogen gas. At the end of 60 minutes the incubation mixture was deproteinized with 0.4 N perchloric acid in the final concentration, and after centrifugation the precipitate was reextracted with 5 volume of 0.4 N perchloric acid. The combined supernatant was assayed for DA as described above.
DA Q-oxidase activity was determined by measuring the amount of NA formed from DA. The mixture, containing 2.0 ml of enzyme material, 1.0 ml of 0.1 M phosphate buffer at pH 7.0 and 1.0 ml of 500 pg per ml DA solution in the tube, was incubated at 37°C in the presence of air. After 60 minutes the mixture was deproteinized with 0.4 N perchloric acid and assayed for NA as described above.
As an assay of monoamine oxidase the Warburg manometric procedure was used to measure the rate of oxygen uptake.
In order to determined whether the O. consumption truly reflected the activity of monoamine oxidase, ammonia produced during the reaction was measured.
The reaction mixture containing, 1.2 ml of enzyme preparation and 0.4 ml of 0.1 M phosphate buffer at pH 7.0 in the main chamber, was incubated at 37°C
for 60 minutes after being added 0.3 ml of 30/-e moles per ml DA solution from the side arm with preincubation for 10 minutes.
In the center well 0.1 ml of 20% KOH was placed to absorb any evolved CO,. Determination of monoamine oxidase activity by histochemical method : After killing the brain was removed and frozen immediately at -20°C, and made into fresh frozen sections, 30,a thick. Monoamine oxidase activity in brain slices was assayed by the method of Glenner (10) . By the use of tryptamine as substrate in the presence of tetrazolium salts in a solution buffered to pH 7.6, histochemical monoamine oxidase activity in the slices was achieved during 30 minutes incubation of tissue sections at 37°C. 2) Formation of CA from DOPA in brain stem of guinea pig DA and NA were synthesized from DOPA in guinea pig brain stem as shown in Table 1 . In the presence of pyridoxal phosphate (PALP), DA was formed more than 8 fold. As shown in Table 2 , the supernatant fraction had higher DOPA decarboxylase activity than particle fraction about 2 fold. The enzyme activity in the supernatant was accelerated about 5 fold by addition of PALP, on the other hand in the particle fraction it was not accelerated.
As shown in Table 3 , the activity of DA Q-oxidase in the particle fraction was higher than that in the supernatant fraction and the formation of NA from DA in vitro was inhibited by addition of iproniazid (I.I.H.). 0.25 M sucrose suspension of each fraction, 25 ma's phosphate buffer (pH 7.0), 0.6 mm DOPA, incubation time : 60 min.
Each value represents the average result of 3 to 6 experiments.
3) Effect of reserpine on the enzyme systems which relate to form and to metabolize CA As shown in Table 4 , DOPA decarboxylase activity in brain stems of guinea pigs injected with 16 mg/kg of reserpine 2 and 4 hours before killing was increased about 30 per cent of control. This activat ing effect of reserpine was observed not only in homogenate preparation but also in supernatant fraction in which DOPA decarboxylase localiz ed. When the homogenate was used for the enzyme material in aerobic condition, the less formation of DA was observed. As shown in Table 5 , DA Q-oxidase activity was also accelerated in brain stem of reserpine treated guinea pig. It is suggested that monoamine oxidase is one of the chief enzyme which destruct CA in brain and catechol-O-methyltrans ferase is not so important to metabolize CA in brain (11) . As shown in Table 6 , monoamine oxidase activity in brain stem of guinea pigs injected with reserpine 2 and 4 hours before killing was also increased about 70% of control when DA was used as substrate.
In order to clarify the acceleration of monoamine oxidase activity by the reserpine treatment, it had been carried out 0.25 M sucrose suspension of particles, 25 mm phosphate buffer (pH 7.0), 0.8 mm DA, incubation time : 60 min in air.
Each value represents the average result of 3 to 6 experiments. 
4) Effect of reserpine on acid catech9ls level in brain stem
Total acid catechols in brain stem of guinea pigs injected with 15 mg/kg of reserpine were increased as shown in Table 7 . The administration of DOPA to the reserpinized guinea pig produced marked increase of acid catechols content in brain compared with that of non-reserpinized one. Reserpine 15 mg/kg and DOPA 100 mg/kg administered intraperitoneally. Each value represents the average result of 3 to 6 experiments.
DISCUSSION
A strong cation exchange resin Duolite C-25, has been employed for the isolation and separation of catechol compounds from brain extracts and may prove useful also for other tissues and urine (12) . Using the present method, acid catechol, DOPA, NA and DA were satisfactorily separated from each other.
CA in brain stem of rabbit were about equally divided between mitochondrial and supernatant. fractions (13) . After the administration of monoamine oxidase inhibitors such as iproniazid and trans-2-phenylcyclopropylamine, the increased concentrations of NA in rat brains were distributed almost proportionately between particulate and soluble cytoplasm fractions. Intraperitoneal injection of reserpine released NA from the stored reserves into the soluble cytoplasmic fraction within 15 minutes (14) .
The major portion of NA in the rabbit hypothalamus was recovered in the particulate fraction (15) . In our present studies DOPA decarboxylase activity was found in cytoplasm fraction and DA (3-oxidase activity in particulate fraction. From these findings it has been suggested that DOPA which is uptaken into brain slices by the mechanism of active transport (16) is converted to DA in cytoplasmic sap and then DA to NA in the particles containing high activity of DA (3-oxidase and the formed NA is stored in bound form in the particle. Intraperitoneal injection of reserpine caused the increase of the enzyme activities of DOPA decarboxylase, DA (3-oxidase and monoamine oxidase. The action of reserpine not only depend upon the release of NA from the stored reserves, but also upon the increase of destruction of NA due to the activation of monoamine oxidase activity. 
